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Abstract: Due to the decrease of industrial contamination emission nearly the whole territory of 
Poland belongs to the pollution class light. As a result, the insulators can have now a very short 
leakage distance. The long-term tests carried out at Glogow test station show that cylindrical 
insulators without sheds and with a small diameter can have the specific leakage distance of 0,8 
cm/kV which is twice shorter than that recommended by the international standard IEC60815. 
This is valid not only for silicone rubber insulators but even for porcelain insulators. To 
understand this surprisingly good performance, the test results of porcelain cylindrical insulators 
and standard long rod insulators under artificial rain were presented. The influence of water 
conductivity, shed parameter and inclination angle from the vertical line was also shown. 
 
 
1. INTRODUCTION 
Rains have huge impact on outdoor insulators. First, 
they wet the pollution layer which can lead to 
flashovers. In countries where there are longer dry 
periods, the pollution flashovers are noted at the 
beginning of a wet season. Secondly, especially 
stronger rains clean the surface of insulators from 
accumulated solid deposits. 
The wet flashover voltage (flashover voltage under 
artificial rain) of clean porcelain long rods is only 
about 20% lower than the flashover voltage of dry 
insulators. On the other hand, the flashover voltage of 
heavy polluted insulators decreases even five times. 
Therefore,  the importance of artificial rain test has 
been called in question for many years. However, the 
environmental contamination in Poland has been 
decreasing considerably for the last 25 years [1]. As a 
result of this improvement, the insulators are now 
cleaner than years ago. It seems also advisable again to 
consider the influence of rain precipitations on outdoor 
insulators performance. 
The trial of composite insulators without sheds started 
at Glogow pollution test station 20 years ago [2]. Six 
additional 105 cm long HTV silicone rods and two 
porcelain rods without sheds with a diameter of 3 cm 
were hung respectively in 2006 and 2007. The 
composite rods and porcelain rods have been tested in 
both horizontal and vertical position under the voltage 
of 75 kV (Figure 1). In spite of the very short specific 
leakage distance, there are no flashovers on 105 cm 
long silicone and even on porcelain rods. The 
withstand length of silicone rods in horizontal position 
was estimated as 80 cm and in vertical position as 90 
cm [2]. 
The aim of this paper is to explain the importance of 
rain precipitation for the experiment which is being 
carried out at Glogow test station. The basis of this task 
is the Ph.D. thesis of the second co-author finished at 
Dresden University of Technology. 
  
                                         a    b 
Figure 1: A porcelain rod insulator (a) and a silicone 
composite rod (b)  
2. RAIN PRECIPITATIONS 
The rains were studied from the view point of outdoor 
insulation for the first time in 1920s. It was found that 
the conductivity of water and the intensity of 
precipitation can seldom reach respectively 100 µS/cm 
and 3 mm/min. These results were utilized for 
preparation of the international standard – wet test of 
insulators which is a part of IEC60060-1 High-Voltage 
Test Techniques. 
In 1960s much higher value of conductivity, over 1000 
µS/cm were measured in industry locations. Water 
samples had acidic character with low pH values 
(smaller than 5,6). The emission of industrial gases, 
especially sulphur dioxide SO2 and nitrogen oxides 
NOx was responsible for the formation of acid rains. 
The negative influence of acid precipitation on soil, 
forests, buildings and steel constructions is well 
known. To limit the range of ecological disaster, the 
emission of SO2 and NOx was and is still being 
gradually limited. As a result, the medium pH values in 
Poland are now only about 0,3 lower than the natural 
5,6 value [3]. Considerable improvement was also 
found in conductivity data. The smallest value 
measured in the period of 1999 - 2004 was 6 µS/cm, 
the highest – 136 µS/cm and the medium – 29 µS/cm 
(Figure 2).  
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Figure 2: Minimum, medium and maximum values of 
rain conductivity measured in Poland between 1999-
2004 [4]. 
In Middle Europe rains fall for the whole year, there 
are not rainy and dry periods so characteristic for many 
countries. However, the distinct differences in a 
precipitation sum for individual months are observed. 
The monthly precipitation sum can fluctuate from 30% 
to 250% of many years average value. Downpours are 
rains with the intensity higher than 0,5 mm/min. which 
last longer than 5 minutes. In this region downpours 
with the intensity greater than 3 mm/min are very rare. 
Only 28 such intensive rains were noted in Poland 
between 1953-1999. The rain precipitation intensity of 
3 mm/min. which was agreed in the old version of IEC 
60060 can be found very seldom and on a limited area. 
3. WET  TEST OF INSULATORS 
First wet tests of insulators were carried out 100 years 
ago [5, 6]. It was found that for greater precipitation 
intensity than 7 mm/min. the flashover voltage remains 
constant. The international standard IEC 60 was 
introduced in 1930 with horizontal and vertical rain 
precipitation 3 mm/min and water conductivity of 100 
µS/cm. Test results for long rod insulators without 
arcing horns or rings can be summarised below [7]:   
the wet flashover voltage of horizontal insulators 
decreases very little in comparison to dry state,  
the wet flashover voltage of vertical insulators, 
depending on their profile, decreases about 25%. 
In the present IEC 60060-1, edition 2 the precipitation 
intensity was reduced to 1 – 2 mm/min with the 
extension for insulation greater than 400 kV. There are 
however many old papers containing test results which 
were carried out according to old version of IEC 
standard [8-11]. The following text was elaborated on 
the basis of Streubel’s Ph.D. thesis dealing with rains 
intensity of 3 mm/min, water stream angle of 45° and 
different water conductivities. 
3.1. Flashover of cylindrical insulators 
The high speed camera (5000 frames/s) was used to 
study the discharge development on cylindrical 
insulators and long rod insulators with sheds during 
wet tests with different water conductivity in the range 
of 10 – 10 000 µS/cm [12]. The medium speed 
propagation of a single arc during one half-period is in 
the range of 15-40 m/s but the instantaneous values can 
reach 70 m/s. When the arc elongates to a critical 
length equal to 65% of leakage distance, then its 
propagation speed increases about 10 times and 
exceeds 150 m/s. However, when the test voltage is 
considerably higher than the 50% flashover voltage, 
then the flashover can be finished in one half-period 
and the arc propagation speed can reach very high 
value of 1700-7500 m/s. 
3.1.1. Vertical rods without sheds 
The arc ignites on vertical cylinders at the upper flange 
because thickness of water layer in this area is the 
smallest one. The resistance measured between the 
bottom flange and the moveable electrode in the form 
of a band depends not only on the electrode distance 
but also on the rod diameter and on its length. For the 
cylinder with the length of 100 cm and diameter of 
14,6 cm exposed to artificial rain with the intensity of 3 
mm/min. and the conductivity of 100 µS/cm, this 
resistance is described by the following equation [12]: 
                
2046,03,20 RRLL llR ⋅+⋅=                (1) 
Where:    lR = distance between electrodes (cm) 
             RLL = resistance between electrodes (kΩ) 
The arc development depends on the resistance 
between the arc foot (which represents an electrode 
with the radius r) and the bottom flange. The resistance 
of the surface with the width “a” polluted by a layer 
with the thickness h and conductivity κ, which is 
measured between the arc food and the bottom flange 
can be calculated according to the following equation 
[13]: 
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Where: lR = distance between arc foot and the bottom 
flange. 
Taking additionally into account that the layer 
thickness becomes continuously higher due to water 
flow, the resistance of the cylinder with the length of 
100 cm and diameter of 14,6 cm exposed to the 
artificial rain with the intensity of 3 mm/min. and 
assuming the arc foot radius of 1,25 mm can be written 
as follows [14]: 
                            
73,013000
RPa lR ⋅=
κ
                   (3) 
Where: RPa  (kΩ),  κ  (µS/cm) and  lR  (cm). 
As a result of water flowing on the vertical cylinder 
and building of a thicker layer at the bottom flange, the 
flashover voltage is not proportional to the insulator 
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length. This is shown for a cylinder with diameter of 
14,6 cm on the Figure 3.  The flashover voltage of 100 
cm long cylinder under the artificial rain equals to 150 
kV. It is over twice less than the flashover voltage of a 
long rod with about 20 sheds. The sheds do not only 
elongate the leakage distance and secure the so called 
protected zones but also ensure the uniform water 
dropping along the insulator height. 
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Figure 3: Flashover voltage of vertical cylinders with 
the diameter of 14,6 cm as a function of water 
conductivity and the height of insulators [14]. 
3.1.2. Horizontal rods without sheds 
On a horizontally hung rod, a few arcs ignite because 
water layer thickness is the same along the leakage 
distance. Under standard artificial rain the resistance 
between the flange and the movable metal band 
represents the simpler formula [12]: 
                              RLL lR ⋅= 30                         (4) 
If a single arc has ignited on the cylinder, then the 
resistance measured between the arc foot with a radius 
of 1,25 mm and the flange would amount to [12]: 
                            
65,0150 RPL lR ⋅=                     (5) 
However, on a horizontal cylinder ignite many arcs. 
When the amount of arcs is big, the resistance 
described by equation (5) becomes a linear function. At 
10 – 20 arcs, this equation gets the following form 
[12]: 
                         8,015000
RPL lR ⋅= κ
                  (6) 
Under rain conditions the resistance of horizontal 
cylinder is greater than the resistance of the vertical 
cylinder. In spite of this, the flashover voltage of the 
horizontal rod is a little lower than the flashover 
voltage of the vertical rod (fig. 4). Perhaps this effect 
could be explained by a greater heating of water layer 
on the horizontal insulator. On the other hand, a bigger 
number of arcs on horizontal rod should increase its 
electrical strength. Note that the electrical strength of 
horizontal rods under salt fog conditions and under 
natural pollution conditions is higher than that of 
vertical rods [2]. Perhaps, this effect is caused by 
different burning conditions of arcs on vertical and 
horizontal insulators. Under rain with a very high 
conductivity of 4,3 mS/cm, the single arc on a vertical 
rod does not extinguish totally when the current is 
passing through the natural zero. However, shorter arcs 
on a horizontal rod extinguish at current zero. 
Therefore, the flashover voltage of horizontal rods is 
higher. 
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Figure 4: Flashover voltage of horizontal rods with the 
diameter of 14,6 cm as a function of rain conductivity 
and the insulator length [14]. 
3.2. Flashover voltage of insulators with sheds 
Flashover voltage of long rods with sheds and with the 
same flange distance like that of cylindrical insulators 
is considerably higher (Figure 5). 
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Figure 5: Flashover voltage of vertical long rod 
insulators as a function of water conductivity [15]. 
The upper surface of sheds of vertical insulators is 
coated by a continuous water layer and at their bottom 
surface there are only single droplets. Discharges 
usually ignite on the shank or under sheds close to the 
shank. The shape of leakage current is non-sinusoidal 
with different amplitudes in the neighbouring half-
periods. When the insulator is sprinkled by water with 
high conductivity, the flashover develops usually close 
to the porcelain surface (Figure 6a). However, when 
water has lower conductivity value, the arc develops 
partly far from the porcelain surface (Figure 6b). 
Generally, the arc propagation mode depends on water 
conductivity, voltage height and insulator profile, 
especially on the ratio of shed overhang to the distance 
between sheds. 
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                                    a             b 
Figure 6: The flashover under artificial rain in 
negative half-period of voltage [12].  a – test voltage of 
135 kV, water conductivity of 150 µS/cm,  b – test 
voltage of  87 kV, water conductivity of  2100 µS/cm 
At a constant distance between sheds and water 
conductivity, there is a shed overhang which can be 
called as an optimum one. The increase of shed 
overhang over the optimum overhang does not cause 
further increase of flashover voltage. The optimum 
shed overhang increases with water conductivity 
according to the formula (7) [14] 
                    3,0ln31,0 −⋅⋅=





κ
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p
         (7) 
Where: p = shed overhang 
             s = distance between sheds 
            κ = water conductivity (µS/cm) 
For a given insulator the optimum value of water 
conductivity κopt  can be calculated at which the 
insulator has the optimum ratio p/s [14]. 
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Under rain with high precipitation rate of 3 mm/min. 
the flashover voltage depends on the inclination of 
insulator. The lowest electrical strength can be 
observed at small inclination from a vertical line and 
from direction of precipitation, when the insulator 
rotates in the plane parallel to the precipitation plane 
(Figure 8). The flashover voltage of VKLS 75/21 
insulator which is only 5° inclined from the vertical 
line decreases nearly 30%. On the other hand, the 
flashover voltage of the insulator which is inclined 45° 
from the vertical line in the direction of precipitation 
increases 30%. Unfortunately, the insulator inclined 
45° in the opposite direction has the electrical strength 
10% lower than in the vertical position. These results 
are important for V strings of insulators. When an 
insulator rotates in the plane perpendicular to the 
precipitation plane, the changes of flashover voltage 
are a little smaller, in the range from –20% - +15%. 
The considerable decrease of flashover voltage at a 
small inclination of insulator from the vertical line is 
caused by non-uniform water flow from sheds and 
building of the so called water cascade. 
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Figure 7: The relative flashover voltage of vertical 
insulators having different value of relative shed length 
as a function of water conductivity [16]. 
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Figure 8: Changes of flashover voltage of insulators 
which are installed with a different inclination angle 
from the vertical line in the plane parallel to the 
precipitation plane. Water conductivity of  110 µS/cm 
[16]. 
4. CONCLUSION 
Under artificial rain the flashover voltage of porcelain 
rod insulators without sheds with the leakage distance 
of 100 cm is about 150 kV. It is twice more than the 
operating voltage of similar insulators tested at Glogow 
station. 
The conductivity of rains in Poland seldom exceeds 
100 µS/cm, therefore, rains alone are not able to cause 
the flashover. The pollution determines the electrical 
strength of insulators. 
The surprisingly good performance of porcelain 
cylindrical insulators have to result in a very light 
contamination of their surface. The dust precipitation 
on rod insulators is smaller than on insulators with 
sheds. Moreover, the rod insulators have excellent self-
washing properties. 
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